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ABSTRACT

Poly (allyl alcohol), poly (allyl acetate), poly (allyl
phenyl ether), and poly (allyl isothiocyanate) were produced
from their monomers by the action of gamma radiation from
Cobalt-60. Polymerization rates and solubilities of the
polymers are given. Molecular weights were determined for
poly (allyl acetate) and poly (allyl phenyl ether). Infrared
spectra for poly (allyl alcohol) and poly (allyl phenyl ether)
are presented.
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POLYMERIZATION OF ALLYL MONOMERS
BY MEANS OF GAMMA RADIATION

OBJECT
To study the effect of gamma radiation on allyl monomers
in regards to polymerization and to determine polymerization

rates and molecular weights of the resulting polymers.

INTRODUCTION

There is an urgent and continuing need for new polymers
and copolymers which have improved solvent resistance, age
resistant properties, low temperature properties; heat resis-
tance and resistance to ionizing radiation. A promising
technique for the preparation of these new materials lies in
the exposure of a monomer or mixture of monomers to radiation.
However, for the most efficient use of this technique, the
polymerization rates and molecular weights of the resultant
polymers should be known. A search of the literature shows
that considerable effort has been expended in the fi?i? of
radiation polymerization of vinyl compounds. Eisler y in
his work in this field at this laboratory, studied the poly-
merization rates and resultant molecular weights of polymers
produced from butadiene and styrene.

With the great amount of data on vinyl polymerization
available, it is surprising that so little work has been
done o? fhe radiation polymerization of allyl compounds.
Laible(2) in his literature review cites 158 publications
and 243 patents pertaining to allyl polymerization ut no
mention is made of the use of radiation. Scheibert3 in a
later i?view also makes no mention of the technique.
noran( states that radiation polymerization of triallyl-
cyanurate produces a hard, brittle polymer. Everard, et al(s)
have recently reported that phenol and polymer are the main
products in the radiolysis of allyl phenyl ether,

Since there was this dearth of data on the radiation
polymerization of allyl compounds, this project was initi-
ated for the purpose of studying polymerization rates and
the molecular weights of polymers obtained by the irradiation
of allyl monomers.

MATERIALS AND EQUIPMENT EMPLOYED

Monomers

Allyl isothiocyanate (practical) (Eastman P288), allyl
alcohol (Bastman 518), allyl acetate (Eastman 5096) and allyl
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phenyl ether (Eastman 6464) were the monomers chosen for this
investigation. Each was purified by distillation prior to
use.

Distillation Apparatus

Distillation was accomplished in a system consisting of
a 500 ml, three neck boiling flask with ground joints, a
variable reflux ratio distilling head (Ace Glass Company #6632)
and a 250 ml single neck receiving flask with a ground joint.
The distilling head was inserted in the center neck of the
boiling flask. A thermometer was inserted in one side neck
and a capillary tube in the other. The capillary allowed the
admission of argon to the system for flushing prior to dis-~
tillation and to prevent violent boiling during distillation.
When vacuum techniques were used, the single neck receiving
flask was replaced by an udder type receiver.

The freshly distilled monomers were refrigerated under
argon until needed for the irradiation studies.

Irradiation Facilities

Samples were irradiated in one of the two Cobalt-60
facilité?s available in this laboratory. One, of Brookhaven
design , can be heated for studies at elevated temperatures.
The strength of this source is approximately 200 curies azd
the mean dose rate during this investigation was 7.2 X 10
rad/hr. The second source is an underwater, kilocurie source
having a much larger capacity and higher dose rate than the
Brookhaven source. The strength is approgimately 4600 curies,
which yielded mean dose rates of 2.5 X 10 rad/hr. in the
main irradiation chamber and 3.2 X 104 rad/hr. in supplemen-
tary chambers outside of the main chamber.

Dose rates in the Brookhaven so?sge were determined by
the ferrous sulfate oxidation method . Silver-phosphate
glass dosinetry(s) was used for the kilocurie source. The
average dose rate during the period of each irradiation is
given in the tables.

PROCEDURE AND RESULTS

Allyl Alcohol

The ngomer was dried by refluxing over fused potassium
carbonate prior to distillation. Only the portion of the
distillate which carried over at a constant temperature was
used in the irradiation studies.

2 62-4163



Samples were prepared for irradiation by sealing the
allyl alcohol, under argon, in 10 or 20 milliliter ampoules.
The weight of the monomer was determined after sealing. All
of the allyl alcohol samples were irradiated at ambient
temperatures except numbers 10-5 and 10-6 which were main-
tained at 70 C during irradiation.

After irradiation, the unreacted monomer was separated
from the polymer by distillation. The contents of the
ampoule and three ethanol rinsings were transferred to a
tared wide mouth flask (Ace Glass Company #9025). The flask
was then attached to a vacuum system by means of a rotary
film evaporator (Labline #5100). After most of the monomer
had been removed, the flask was detached and placed in a
vacuum oven (60 C) until a constant weight was obtained.
Percent yield was calculated by dividing the weight of the
residue by the original weight of monomer and multiplying
by 100. In all cases the residue had the consistancy of a
heavy oil.

Table I summarizes the initial results on the irradi-
ation of allyl alcohol.

TABLE 1

ALLYL ALCOHOL

Sample Dose Rate Total Dose Yield Yield/Megarad
No. (Rad/hr.) (Iegarad) (%) (%/lqgarad)
20-2 2.80 X 109 6.70 0.504 0.075
20-3 2.80 X 10° 20.0 1.62 0.081
20-4 ' 2.79 X 109 46.9 3.64 0.078
20-5 2.79 X 109 147.0 12.4 0.084
10-1 3.60 x 104 4.23 0.368 0.087
10-4 3.53 X 104 126.0 11.9 0.094
10-5* 7.54 X 104 3.32 0.653 0.197
10-6* 7.54 X 104 39.6 10.0 0.252

*Irradiated at 70 C.
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In order to develop a procedure for the direct precipi-
tation of the polymer, aliquots of the irradiated monomer were
added to several solvents and observations were made as to
whether the two were immiscible, a solution formed or a pre-
cipitate formed. The results of this study and others similar
to it for the other monomers are shown in Table II.

Four additional 10 milliliter ampoules of allyl alcohol
were prepared and placed in the kilocurie source for an indefi-
nite period of time to determine the dose required to produce
a solid sample, if possible. One of the ampoules exploded in
the source after a dose of approximately 325 megarads. Another
exploded after approximately 360 megarads. The other two
ampoules, with their contents still in the liquid state, were
removed from the source with a total dose of 378 megarads.

One of these two remaining ampoules exploded while being
opened and the irradiated material was lost. The fourth was
opened successfully. The polymer was precipitated in dioxane
and this material was used to determine several properties of
poly (allyl alcohol).

Five-hundred milligram portions of the polymer were
weighed into each of several 100 milliliter volumetric flasks.
Different solvents were added to the flasks and after shaking
were allowed to stand. After forty-eight hours a 10 milliliter
aliquot was taken from each flask and evaporated to dryness.
These dry weights were used to calculate the results shown in
Table II.

A portion of the polymer was sent to an independent labor-
atory for a molecular weight determination. Unfortunately,
the other laboratory was unable to make the determination and
the sample was not returned.

The remainder of the polymer was used in obtaining its
infrared spectrum. This spectrum along with one of the
monomer 1is presented in Figure 1.

Allyl Acetate

All of the initial phases of the work on allyl acetate,
except sample preparation, i.e., distillation, irradiation and
monomer-polymer separation,were conducted in the same manner
as for allyl alcohol. Sample preparation was the same as
allyl alcohol except for those with the prefix B. These samples
were not sealed in ampoules, but were transferred to Pyrex
culture tubes which were closed with aluminum lined screw caps.
All irradiations were at ambient temperatures. The results of
this work are given in Table III.
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TABLE III
ALLYL ACETATE

Sample Dose Rate Total Dose Yield Yield/Megarad
No. (Rad/hr.) (Megarad) (%) (%/IR%
A5 2.60 X 109 6.24 3.26 0.52
A6 2.60 X 10° 12.5 6.00 0.48
A7 2.60 X 10° 18.7 8.94 0.48
Bl 6.93 x 104 4.90 3.19 0.65
B2 6.93 X 104 8.32 5.59 0.67
B3 6.93 X 104 16.6 11.6 0.70
B4 6.93 X 104 33.3 23.2 0.70
B6 3.30 x 104 7.92 5.31 0.67
B7 3.30 x 104 15.8 9.51 0.60

All of the polymers produced were clear, colorless, and
quite viscous.

Four additional culture tubes were filled with allyil
acetate and placed in the kilocurie source for an indefinite
period in order to investigate the effect of longer irradi-
ations. Yields were not calculated for these samples since
they were determined in the preliminary studies. Also, it
is known that the converiiag rate changes as the upper limit
of conversion is reached . The results of this work are
summarized in Table 1V,

TABLE IV
ALLYL ACETATE EXTENDED IRRADIATION

Sample
No. Total Dose Description of Material
1 186 X 106 rad Quite viscous
2 245 X 106 rad Very viscous (required 4 hrs. to
drain from tube)
3 269 X 106 rad Almost solid (required 3 days to
drain from tube)
4 282 X 105 rad Solid, very tacky, quite elastic
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Sample 1 was transferred to a wide mouth flask and placed
in the vacuum oven. The sample was contaminated by material
from another experiment in the oven and was discarded.

Sample 2 was used to determine the solubility of the
polymer after the monomer had been removed in the vacuum oven.
The results are given in Table 11.

Sample 3 was used in an attempt to obtain a solid polymer,
as in the case of allyl alcohol, by a fractionatigy of the
polymer using the technique of Moore and Murphy . Acetone
was used as the solvent and hexane as the nonsolvent. The
first and what was assumed to be the highest molecular weight
fraction was not solid, but was very viscous. Subsequent
factions were not solid nor did a refractionation of the first
produce a solid.

Approximately one gram of very sticky, elastic polymer
was pulled with great difficulty from sample 4 and taken up
in benzene. This solution appeared to be clear and no check
for the presence of gel was made. After removal of the ben-
zene in the vacuum oven, the polymer was still very tacky.
In an attempt to reduce this tackiness, the remainder of
sample 4 was rgplaced in the kilocurie source for an addi-
tional 23 X 10° rads. The tackiness was reduced and in
addition the material was made so much more cohesive that
the tube had to be broken in order to recover the material.

A portion of the re-irradiated material was examined for
gel by extraction of the polymer from the solid material with
acetone. Thirty-seven percent was not soluble.

The remainder of the re-irradiated material was extracted
with benzene in order to obtain samples of the polymer for
molecular weight and infrared spectra d?fgsminations. The
ebullioscopic method of Barr and Anhorn was used for the
molecular weight determinations. This gave a number average
molecular weight (Mp) for poly (allyl acetate) of 1280. The
infrared spectra of the monomer and the polymer are presented
in Figure 2.

Allyl Isothiocyanate

The preparation of allyl isothiocyanate differed from
that of the previous monomers only in distillation which was
under reduced pressure. Only two yield determinations were
made. These results are given in Table V.

The polymer produced was red in color, and hard and
brittle in structure. Small amounts of this material were

8 62-4163
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TABLE V

ALLYL ISOTHIOCYANATE

Sample Dose Rate Total Dose Yield Yield/Megarad
No. (Rad/hr.) (Megarad) (%) (%/MR)

1 3.17 x 104 3.71 0.246 0.066

3 2.43 X 10° 166 8.37 0.050

chipped from the evaporation flask and placed in the various
solvents shown in Table II. As can be seen in the table,
only dimethylformamide would dissolve the polymer, and no
nonsolvent for reprecipitation of the polymer was found. Due
to the lack of suitable solvents, neither the molecular
weight nor the infrared spectrum were obtained for this poly-
mer.,

Allyl Phenyl Ether

Preparation of this monomer was the same as for allyl
isothiocyanate. Thg first two tubes removed after irradiation
(3.71 and 6.38 X 10° rad) were used in attempts to separate
monomers and polymer by vacuum techniques, but both were un-
successful due to the low conversion rate and consequent lack
of polymer. The third sample (247 X 10° rad) was used for
solution studies wherein it was found, as shown in Table 1II,
that the polymer will precipitate from the irradiated solution
with the addition of hexane or ethanol.

The poly (allyl phenylether) was precipitated from the
fourth sample and the following information obtained:

Dose rate = 2.41 X 109 rad/hr

Total dose = 269 X 10 rad

Yield = 1.81%

Yield/MR = 0.0068 %/MR

Color of irradiated material = canary yellow
Color of polymer = brown

The polymer was taken up in benzene and used for the de-
termination of molecular weight - fi; = 1380,

DISCUSS ION
The infrared spectra of the monomers and what were

assumed to be polymers were obtained in an attempt to de-
termine whether or not polymers actually had been produced.
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There is complete agreement between the spectrum of poly
(allyl alcohol) produced by radiation in thii 5§boratory and
that chemically produced by Schulz and Elzer 13), A com-
parison of the monomer-polymer spectra shows the disappearance
of absorption bands at 6.1, 10.2 and 10.9 microns for poly
(allyl alcohol), Figure 1, and at 6.1, 10.1 and 10.8 microns
for poly (allyl acetate), Figure 2. The disappearance of
these bands, w?iig are characteristic of the double band in
allyl monomers , also indicates that polymers were formed.
(The discontinuity at 7.5 microns in the allyl acetate
spectrum was due to a change in sample thickness required to
resolve the longer wave lengths).

Figure 3 1s a plot of the yield data given in Tables I
and II. It should be noted that irradiatign at dose rates
of 3.3 - 3.6 X 104 (A) and 2.6 - 2.8 X 10° rad/hr (@) were
carried out in the kilocurie scurce at its ambient tempera-
ture. A comparison of the curves at these dose rates indi-
cates that yield varies inversely with dose rate. The curve
for allyl alcohol which was irradiated at 70 C at a dose rate
of 7.5 X 104 rad/hr. in the multicurie source (@) clearly
shows that yield varies directly with temperature. This
temperature dependence could explain the anomalous behavior
of allyl acetate where the conversion rate is higher at
6.9 X 104 rad/hr. (T) than at 3.3 X 104 rad/hnr. since the
ambient temperature of the multicurie source was higher than
that of the kilocurie source.

Two of the four polymers produced, poly (allyl acetate)
and poly (allyl phenyl ether), exhibited elastic properties.
The poly (allyl acetate), which was crosslinked by excess
radiation was very tough and difficult to separate from the
glass tube in which it was irradiated. The two polymers,
when precipitated from solution, were quite viscous liquids,
When ''strings' were pulled horizontally from the polymer
surface and allowed to go slack, they pulled back up to a
horizontal position indicating some degree of elasticity.

No attempt was made to crosslink the poly (allyl phenyl
ether).

The molecular weight of 1280 for poly (allyl acetate)
agrees fairly well with the dgree of polymer{za}ion of
13.7 £ 0.4 report?g by Bartlett and Altschul(19) for this
polymer. Everard ) did not report a molecular weight for
poly (allyl phenylether), but did state that the polymer was
brown which is in agreement with the results obtained in
this laboratory. The molecular weights of 1380 determined
for poly (allyl phenyl ether) and 1280 for poly (allyl
acetate) are low as compared with most elastomers, but ir-
radiation at higher temperatures and/or lower dose rates

11 62-4163
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might produce higher molecular weight and more elastic
polymers.

The objective of this investigaiion was not attained
in its entirety due to the fact that molecular weights were
not determined for two of the four polymers produced. How-
ever, polymerization rates were determined as planned and,

in addition, data on solubilities and infrared spectra were
obtained.

13 62-4163



10,

11.

12.

LITERATURE REFERENCES

Eisler, S. L., "Polymerization of Styrene and Butadiene
by Gamma Radiation", Rock Island Arsenal Laboratory Report
60-2562 (31 August 1960).

Laible, R. B., "Allyl Polymerization - A Review of the
Literature'", U. S. Army Quartermaster Research and Engi-
neering Center, Natick, Mass., Textile Series Report

No. 99, (October 1957).

Scheiber, J., '"Allyl Polymers", Farbe und Lack, Vol., 64,
No. 7, 377-81 (1958).

Horan, R. F., '"The Formation of New Polymers Using
Ionizing Radiation', Final Report for 12 September 1958
to 12 September 1959, Quantum, Inc., Wallingford, Conn.

Everard, A. F., Swan, G. A., and Timmons, P. S., "The
Chemical Effects of Gamma Radiation on Organic Systems,
Part VIII. The Radiolysis of Allyl Phenyl Ether and
Certain Other Ethers'", J. Chem. Soc., 918-24 (March 1962).

Manowitz, B., '"Use of Kilocurie Radiation Sources",
Nucleonics, 10-13 (August 1951).

Davison, S., Goldblith, S. A,, Proctor, B. E., Karel, M.,
Karr, B., and Baxter, C. J., '"Dosimetry of a Kilocurie
Cobalt-60 Source", Nucleonics, 22-6, (July 1953).

Davison, S., Goldblith, S. A., and Proctor, B. E., "Glass
Dosimetry", Nucleonics, 34-39 (January 1956).

Organic Synthesis, Collective Vol. 1, 2nd Ed., p. 43,
H. Gilman, Editor. John Wiley and Soms, Inc., New York,
(1948).

Charlesby, A., "Atomic Radiation and Polymers'", Chapter 22,
Pergamon Press, New York (1960).

Moore, W. R., and Murphy, M., '"Viscosities of Dilute
Solutions of Polyvinyl Acetate'", J. Polymer Sci., 519-532
(February 1962).

Barr, W. E., and Anhorn, V. J., '"The Modified Menzies-

Wright Molecular Weight Apparatus", Instruments, Vol. 20,
342-64 (1947).

14 62-4163



13.

14.

15.

LITERATURE REFERENCES (Cont.)

Schulz, R. C., and Elzer, P., '"The Reduction of Deriva-
tives of Polyacrylic Acids'", Makromol.Chem., Vol. 42,
205-215 (January 1961).

Bellamy, L. J., '"The Infrared Spectra of Complex Mole-
%ules;, pp. 36, 49, John Wiley and Sons, Inc., New York
1958).

Bartlett, P. D., and Altschul, R., '"The Polymerization
of Allyl Compounds II. Preliminary Kinetic Study of
the Peroxide-Induced Polymerization of Allyl Acetate"”,
J. Amer. Chem. Soc., 816-22 (May 1945).

15 62-4163



A,

DISTR IBUTION

No. of Copies

Department of Defense

Office of the Director of Defense
Research & Engineering

ATTN: Mr. J. C. Barrett

Room 3D-1085, The Pentagon
Washington 25, D, C.

Advanced Research Project Agency
ATTN: Dr. G. Mock

The Pentagon

Washington 25, D, C.

Solid Propellant Information Agency
Applied Physics Laboratory

The Johns Hopkins University

Silver Spring, Maryland

Armed Services Technical Information Agency
ATTN: TIPDR

Arlington Hall Station

Arlington 12, Virginia

Department of the Army - Technical Services

10

Commanding General

U.S. Army Materiel Command
Room 2502, Bldg. T-7

ATTN: AMCRD-RS-CM
Washington 25, D. C.

Commanding Officer

Aberdeen Proving Ground

ATTN: U,S. Army Chemical & Coating Lab
Technical Library

Aberdeen Proving Ground, Maryland

Commanding General

U.S. Army Mobility Command

ATTN: SMOTA-REM 2
SMOTA-RRS 3

Detroit 9, Michigan

16

62-4163



DISTRIBUTION

Commanding General
U.S. Army Weapons Command
Rock Island Arsenal
ATTN: AMSWE-RD
AMSWE-PP
Rock Island, Illinois

Commanding General
U.S. Army Missile Command
ATTN: Documentation & Technical
Information Branch
Mr, R. E. Ely, AMSMI-RRS
Mr. R. Fink, AMSMI-RKX
Mr. W. K. Thomas, AMSMI
Mr. E. J. Wheelahan, AMSMI-RSM
Redstone Arsenal, Alabama

Commanding Officer
Frankford Arsenal
ATTN: SMUFA-1330
Library-0270
Philadelphia 37, Pa.

Commanding Officer

U.S. Army Materials Research Office
Watertown Arsenal

ATTN: RPD

Watertown 72, Mass,

Commanding Officer
Picatinny Arsenal
ATTN: Plastics & Packaging Lab
Dover, New Jersey

Commanding Officer
PLASTEC

Picatinny Arsenal
Dover, New Jersey

Commanding Officer
Springfield Armory
ATTN: SWESP-TX
Springfield 1, Mass,

17

No. of Copies

N

62-4163



DISTRIBUT ION

No. of Copies

Commanding Officer
Watertown Arsenal
ATTN: SMIWT-1LX
Watertown 72, Mass.

Commanding Officer
Watervliet Arsenal
ATTN: SMEWV-RR
Watervliet, New York

Commanding General

U.S. Army Munitions Command
Picatinny Arsenal

Dover, New Jersey

Commanding Officer
U.S. Army Environmental Health Laboratory
Army Chemical Center, Maryland

Commanding Officer

U.S. Army Chemical Warfare Laboratories
ATTN: Technical Library

Army Chemical Center, Maryland

Commanding Officer

Diamond Ordnance Fuze Laboratory

ATTN: ORDTL-06.33

Connecticut Avenue & Van Ness St., N. V.
Washington 25, D. C.

Director

U.S. Army Engineering Research &
Development Laboratories

ATTN: Materials Branch

Ft. Belvoir, Virginia

Commanding General

Quartermaster R&D Command

ATTN: Chemicals & Plastics Division
Natick, Massachusetts

Commanding Officer

U.S. Army Prosthetics Research Laboratory
Forest Glen, Maryland

18

62-4163



DISTR IBUT ION

Headquarters

U.S. Army Signal R&D Laboratory

ATTN: Materials Branch
Fort Monmouth, N. J.

Department of the Army - Other Army Agencies

No. of Copiles

Commander

U.S. Army Research Office
Arlington Hall Station
Arlington 12, Virginia

Commanding Officer

U.S. Army Research Office (Durham)

Box CM, Duke Station
Durham, North Carolina

Chief of Research and Development
U.S. Army Research & Development Liaison Group

ATTN: Dr. B. Stein
APO 757
New York, N. Y.

Department of the Navy

Chief, Bureau of Naval Weapons

Department of the Navy

ATTN: RMMP

Room 2225, Munitions Building
Washington 25, D. C.

Commander

Department of the Navy
Office of Naval Research
ATTN: Code 423
Washington 25, D. C.

Chief

Department of the Navy
Bureau of Ships

ATTN: Code 344
Washington 25, D. C.

19

62-4163



DISTRIBUT ION

Commander

Department of the Navy
Special Projects Office
Bureau of Naval Weapons
ATTN: SP 271
Washington 25, D. C.

Commander

U.S. Naval Ordnance Laboratory
ATTN: Code WM

White Oak

Silver Spring, Maryland

Commander

U.S. Naval Ordnance Test Station
ATTN: Technical Library Branch
China Lake, California

Commander

U.S. Naval Research Laboratory
ATTN: Technical Information Center
Anacostia Station

Washington 25, D. C.

Commander

Mare Island Naval Shipyard
ATTN: Rubber Laboratory
Vallejo, California

Department of the Air Force

U.S. Air Force Directorate of Research
and Development

ATTN: Lt. Col. J. B. Shipp, Jr.

Room 4D-313, The Pentagon

Washington 25, D. C.

Commander

Wright Air Development Division

ATTN: ASRCN

Wright-Pattersoa Air Force Base, Ohio

6593 Test Group (Development)
ATTN: Solid Systems Division, DGSC
Edwards Air Force Base, California

20

No. of Copies

62-4163



DISTRIBUTION

No. of Copies

AMC Aeronautical Systems Center

ATTN: Manufacturing & Materials
Technology Division, LMBMO

Wright-Patterson Air Force Base, Ohio

Other Government Agencies

National Aeronautics and Space Administration
ATTN: Mr. B. G. Achhammer
Mr. G. C. Deutsch
Mr., R. V. Rhode
1520 H Street, N.VW.
Washington 25, D. C.

George C. Marshall Space Flight Center
National Aeronautics & Space Administration
ATTN: M-F&AE-M

Dr. W, Lucas, M-S&M-M

Mr. W, A, Wilson, M-ME-M
Huntsville, Alabama

Jet Propulsion Laboratory
California Institute of Technology
ATTN: Dr. L. Jaffe

4800 Oak Grove Drive

Pasadena, California

Commanding General
U.S. Army Weapons Command
Rock Island Arsenal
Rock Island, Illinois
ATTN: AMSWE-RD

for
release to

Commander

British Army Staff

ATTN: Reports Officer

3100 Massachusetts Avenue, N, W,
Washington 8, D, C.

21

bt

Pt et

62-4163



DISTR IBUT ION

Commanding General
U.S. Army Weapons Command
Rock Island Arsenal
Rock Island, Illinois
ATTN: AMSWE-RD

for
release to

Canadian Army Staff, Washington
ATTN: GSO-1, A&R Section

2450 Massachusetts Avenue, N. W.
Washington 8, D. C.

Prevention of Deterioration Center
National Academy of Science
National Research Council

2101 Constitution Avenue
Washington 25, D. C.

Office of Technical Services Stock

1200 South Eads Street
Arlington, Virginia

22

No. of Copies

100

62-4163



JSA-VIlSYy molj
arqeui®iIqo satdo)
NOILNEI®LSIqQ

UOTleTpRII] Tuwen ‘¢

SI2mouon TATlY °

o

uoyivwziiamiiod

-~

Q3T A1 SSVIONN

JSA-VILlSYy woly
arqeuye3jgo satdo)
TNOILNAGIWLSIa

i
{
|
|
UOTI1WIPBII] wwwwn "¢ ¢
|
sIamouom TATTV .Nw
uotrjivzraawmitod "1 *

QI ATSSVIONN

‘pejuasexd 1w (i1aqla

YAooyd 14A11¥) Atod puw (royodT® 1L[r1w) Atod

10} wiidads paiwizay - (1ayia TLuayd 1L1Tw)

£10d puw (83®3adw [41[e) Afod 10} paurwidl

-9p 213a S3yItaa IInOATON ‘uaayd axw ssamiyod
a3yl JO SITITTFIQNIOS PuUB SI1vI TOTIeZTIIwA[Og
*09-319Q0) WO3J TOTIVIPY: wwwed O TOTIOIE ayl 4£q
SJawouow ITayY3] WOIJ padnpold azaa (aivawid01y]
-o8y 1411e) Atod puw ‘(1a8yla 14Luayd [4Ar(w) Arod
‘(23w3308 [A11v) A1od ‘(Touodlw 1ATTe) Alod

‘110dax PATFISSWIdUN  (BEP T1°0T0S "ON 2po0) SWO
‘100~62-66S °ON 1d3fo1d vq) ‘sa1Qe} “snyry
‘tour *d 2z ‘Z9 93Q »1 ‘£91v-Z9 °day ‘qeY vIyY

AIuayOm sTauaq “a AQ  ‘NOLLVIAVY VRNYO
40 SNVIR AS SHUIRONOR TATIV 40 NOILVZI¥IRATOd

SyoutT Il
‘PURTS] AD0Y ‘AJ01WIOqE] TRUASIY puw[S] N0y
"ON UOTSSadoy av

‘pajuasaad aaw (1ay3za

1Aoayd 14T1v) Ayod puw (Toyodre [Ai(w) A(~d

103 wi3dads paswijuy “(29y3d 1auayd TAyrw)
A1od pue (a3w3ane 14T1(e) {10d 10j pautmial

-9p 3134 S3IYIyoa IVINOITOR “u3AT} auw siswAyod
3Y3l JO SITITITQNTOS Puw SII®I TOFIezyiamATod
“09-311¥q0) WOl4J UOTIWIPYI wwww® jo TOY3IOW ay)l £Aq
SJawouom 173493 wOXJ padnpoid axaa (ajsusidoryl
-0sy TA1T1e) Ay1od puw ‘(xeyia (Luayd [(L1(e) Lyrod
‘(939330% [ATT¥) A1od ‘(roqodTe [AITe) L{od

‘110dax paTJISSEIIEN  (G£9°TT1°0T10S °"ON 3P0) SWO
‘100-G2-66S "ON 31defoxd vq) ‘sarqe; “snyrr
TI2uT "d zZ ‘Z9 23d $U ‘£91l¥-29 "day ‘9wl Vi

A1uagom sTuudg "u £ ‘'NOLLVIAVN VNRVD
§O SNVIR A SYANONON TATIV 4O NOIIVZINHIRATOd

SYOUT Tl
‘pPUNIS] XD0Y ‘4AI031v10QW] [PUSSIY pue[S] Ndoy
‘ON UOTSS8ODY av

JSA-VILSY ®molg
arqeutel1qo segdo)
‘NOILNET ALSIa

UOTICTPRIA] SWWe) ‘¢
sismouom TATIV °Z
goyjezyiamitod 1

QITJISSYIONN

JSQ-VILSV ®woXg
a1qvateIqo satdo)
‘NOTINGTI BLSIa

UOTICIPUII] Wwwen "¢
sismouom TATTY °2
uoyisziiamitod ‘1

GIIAISSYIONN

‘poicesesd sxv (10q10

tAceqd TA11w) L1od pus (Toyod(® 1L(Te) L1od

10} wa3dods pessigar (Ie4l1s [LAuayd TL(Te)
£tod puw (#1®3ede [AYre) Lrod 10} pesurmiel

-op a10a s3IyIraa IEINOOTON ‘usatd aixsw siamiyod
2931 O SeTITITQANIOS DUT Se1vIX UOTIvITIMMATO4L
*09~-11%q0) WOI} COTIVIPea vwwed jo TOTIde eq) £Aq
sI2wOUow JIT8q3 WOl1J pednpoid asaa (a31vuwLd0¥ql
-osy TAT1I9) At1od powe ‘(zeqie TLuayd yLr(w) Lyod
‘(eo1w300% TA(TE) AT0d ‘(T104OITW® TA[I®) L[ad

c110dex peyjysserdun (€8 IT°010S "ON OPOI SWO
‘100-GZ~-665 °ON 3def0oid vqQ) ‘sarqel °salty
‘youy d 2z ‘z9 deq ¥l ‘£91y-29 "day "qwY VIH

LiusgOom syousg ‘A £q  ‘NOILIVIAVE VIRMVD
4O SNVIR i€ SHYWONOR TATIV 4O NOILVZIUIRATOd

STOURINI
‘pus{s] NO0YW ‘LI01VI0QWT [WUOSIY pPUNIS] XOOY
‘ON UOTSSeIOY av

‘pejuasexd eiw (18q10

tAuayd 1471%) Arod pusm ((oyodYw [L1Yre) K1od

105 wI1d9ds paserguy - (I3ylyd YAoeyd tLrie)
A10d puw (@31v31ane [L1[%) LArod 0] pautnia)

-op 212 S31y3yes JIETNIATON °UIATS 2aw sidmiyod
2931 3O SSTITITQNIOS PUW $31vI vOoriezyIaeivod
*09-11%Q0) WOl UOTIWIPE¥S wuwwd o COTII® 8yl 4q
sismouow ITIQ1 WOIJ pednpoxd siaa (21vawidOTyl
-osy 1L(1%) Arod pus ‘(xay3d TLoayd (4Lyrw) Lrod
‘(93%330% [LTTE) Lrod ‘(romoorw (A(T) Lrod

*3x0del payjysserdun  (S8€8°11°010S "ON aPOod SWO
‘100-SZ-66C °"ON 312afoid va) ‘sSarqer “snyry
syour -d gz ‘z9 da@ vl ‘£91p-29 -day "awT VIY

A1uagom stucag a £q  ‘NOILVIAYN VRNVD
40 SHNVIR i€ SUYNONOR TATIV 40 NOILVZIWANATOL

SYOouUTTI LI
‘pus(s] WO0y ‘Ai1031wIOqQW] [VUaSIYy pUeIS] XO0y
Oy TOFSSBIOY av



JSQ-vIlsy woig
3rqeurviIqo sardo)
‘NOILNEIWLSIQ

UOTleIpVII] BuUWen ¢
SI>mouon TATTY °Z
uojl1ezZTIawmATOd T

a1 A1 SSVIONN

JSA-VILSY woxy
ayqruielqn saydop

UOTIVIPRII] TwwEn .m_
|

SIawouon TAYTY .N_

uoTiIvwZyIdmMATOd

"pejaasexd aiw (I3q1e

thoayd 1411w) Atod puw ([oyodrw [A[re) Ayod

1071 w13dads paxvagoy - (1ayia tduayd 1411w)
£10d puw (a3wjadw [41[e) L{od 10} paurTwie:

-9p 219m SIYITIA IWTNIITON ‘UIAFR aaw ssamiyod
3yl Jo SITITITANTOS PUY SIIWI UOTIW2TIdwi{od
‘09-37%qO0) WOJI] UOFITIPwI wuwwd Jo WOy3de ayy £q
SJI3wouow JITIY) ®WOIj paIdnpoxd alaa (ajvusidoryl
-0sT 1A1Te) Ltod pus ‘(a1ayla (Aoayd (4A[[w) Arod
‘(21%320W [£11v¥) A10d ‘(7ToyodTw 14AIl%) A1od

*310da1 payyysSEIdUN  (RESTT°0T0S 'ON 3POD SMO
‘100~6Z-66C 'ON 123foad vd) ‘so1qe1 °snyly
“tout *d 2z ‘29 da@ ¥l ‘£91%-Z9 "day ‘qeq viu

AIuagdm sTausd "M AQ  ‘NOILVIAVY VWAVD
40 SNVIN Ad SHINONOR TXATIV JO NOILVZININATOd

SfouyIll
‘PUBTS] WJ0Y ‘AIOIWIOQE] [wUISIYy PuNTS] Rdoy
‘ON QOYSSaddY ay

‘pajuasaad aaw (aayra

TAgayd [AT1w) 4104 puw ([oyodre [L{(w) A1rd

103 wa3d23ds paieijur (29yiy® [Auayd 1411™)
A10d puw (33wjadw [411e) L(od 105 pautmial

-3p 3134 sS3yIyaae IVINOITON ‘naATR auwm si1smf1od
34yl JO SOTITITQNIOS pus S31¥JI QOTIeZTIawAT0d
“09-311%q0) WOJIJ GOTISTPEI wauwe? Jo WOTIOW ayi £q
Sl2mouoa I73Y)} WOl padnpoad ar1aa (3jwuwidoryl
-0S¥ TATT®) Atod puw ‘(18y3a (Auayd (4Ayyw) Atod
‘(9319120 1411%) £1od ‘([oyodTe [ATTw) Ayod

'3110d31 pafyySSEIdUN  (BEFTIT°0T0S "ON IPOI SWO
‘100-G2-665 "ON 1%eloxg vqg) ‘sarge; -snyrr
*Touy *d 7z ‘29 d2a@ BT ‘£91b-29 "day ‘qwl viy

AIUdHOW STuUudd “a L0 ‘NOILVIAVM VARYD

4O SNVAR Xd SYINONON TATIV 4O NOILVZIHANATOd
syout il

‘PUNTS] XI0H ‘'AI01WIOQW] [WUISIY PUR[S] NJ0¥
*ON uOoIsSsaddY av

JSA-VILSV wouxg
ayqueuieiqo seydod
NorngruLsIa

UOTICYPRII] YEWEH ‘¢
siamouom TATIV °2Z
goyi1ezZIIaWATOd ‘[

aEI LI SSYTIONGD

0SA-V1lSV woxy
aravuywiqo sSafdo)
‘NOILNET HLSta

UOFITIPRII] wwWERH ‘¢
si1amouom TATIV °Z
uoY18ZFIMWMATIM “(

QITLISSYIONN

"poicesesd aixv (10410

Thoeqd 1A1T®) 4£7od puw (Toyodrw TLyT®) Lyod

10} wx3dads pessizay (284318 TAuayd tL[yv)
Atod puw (23v380% [Ar[®) L10od 10} pauymiey

-op 318.. SIY3TIa IVTNIGTON °“uaAld aaw siamiyod
3 0 serIrITQNIOS Daw 318X notIwTIIamAtod
‘09-31%Q0) WOIJ GOT1vIpes wwwe? ;o TOTIde eql £Aqg
sIsmouoc® 1T7eq3 WOi) pednpoxd aisa (23vUBLD0TY]
~os8y tAt1e) Avod pum ‘(zeqis rLuayd (L1[w) Lyod
‘(o o® tATIY) £10od ‘(10vuodTe TAITIe) Lrod

*3l0dex DeTITsSEYdUN  (SLB°TII°010S "ON ®POD SWO
‘100~¢Z-66S "ol 31def0xd ¥a) ‘serqel ‘sSnITY
‘Touy d zz ‘z9 o8d ¥1 ‘€91y-29 "day "qvl VvIy

A3uagOom stousg “a £q9  ‘NOLLIVIQVE VIMVD
40 SNVIR i SEYRONON TATIV JO NOTLIVZIWIRATOd

SYOURITI
‘pus{sS] X00¥W ‘£I0ILIOQqW] [RUSSIY PU[S] NOOY
*ON UOTSEIIOY av

*pejuasead siw (189312

14Auayd (4L1t1e) £10d puw (Toyod e TAITe) Atod

107 wI1dads paswigul ‘ (1343d YAueyd TArTe)
A10od puw (®iwjane [L11%) £Ayod 101 paurmia)

~0p 3lam S3IySYIA ISTNIITON ‘UIATS aaw sismiyod
Y31 JO SITITITQANTOS PuUv S8l UOTIeZTTIIWATOd
‘09-31%q0) WOIJ GOTIVIPEI wwwe3 JOo TOT3IO® ayl £q
Slsmouow ITaq] woll padnpoxd slas (21vTwLdOTY]
~0osY TALIY) £10od pus ‘(I94y1a (Loayd tLirtre) ALrod
‘(a3%1a0w [AT1¥) L[od ‘(T1oqooTe [AT[®) Lrod

‘3s0dax parjIsswidun  (8E8°I1°010S 'ON IPO) SWO
‘100~6Z-665 "oN 1d>afo1d vqQ) ‘sSIrqer "snily
“tour d zz ‘Zg d3d v1 ‘£91p-29 "Gay "qeT VIy

AIUdHOm sTuUTag ‘a 4Q ‘NOLLVIAVE VRNVD
40 SNVIR 19 SHYNONOR TATIV 40 NOILVZININATOL

SYOuR Il
‘PUBTS] XO0Y ‘4AI03IRINQWT [RUISIY PUETS] XO0¥
“ON TOTISS#dOY av



